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APPARATUS FOR DENATURATING 
BILIRUBIN AND BILIRUBIN DIALYZER 

BACKGROUND OF THE INVENTION 

The present invention relates to a bilirubin denaturating 
apparatus and a bilirubin dialyZer used for blood treatment of 
a patient suffering from liver dysfunction Whose function of 
converting fat-soluble bilirubin into Water-soluble bilirubin is 
lowered due to a malfunction or a function failure of the liver. 

Bilirubin Which is generated by the decomposition of 
hemoglobin in erythrocyte in a living body usually is present 
in a form of fat-soluble bilirubin. This fat-soluble bilirubin is 
converted into Water-soluble bilirubin in a liver. Further, the 
Water-soluble bilirubin is strained from blood as a Waste 

product in a kidney and is discharged to the outside of the 
living body. 

Accordingly, When a malfunction or a function failure of a 

liver occurs, the liver cannot convert fat-soluble bilirubin into 
Water-soluble bilirubin and hence, fat-soluble bilirubin is 
accumulated in the inside of the living body and so-called 
symptoms of jaundice appear. Accordingly, a cure or a treat 
ment for converting fat-soluble biliru bin into Water-soluble 
bilirubin becomes necessary. 

It has been knoWn that fat-soluble bilirubin is converted 
into Water-soluble bilirubin by radiating green light having a 
Wavelength of 450 nm to 530 nm to fat-soluble bilirubin. In 
vieW of the above, there has been proposed a device Which 
radiates green light to a patient suffering from liver dysfunc 
tion Whose function of converting fat-soluble bilirubin into 
Water-soluble bilirubin is loWered using a light source Which 
can radiate green light thus converting fat-soluble bilirubin in 
blood into Water-soluble bilirubin With green light Which 
permeates a skin (see, patent document 1, for example). 

HoWever, since a body surface area per Weight is small in 
the case of an adult, the conversion ef?ciency from fat-soluble 
bilirubin into Water-soluble bilirubin With the radiation of 
green light is extremely loW. In this manner, the method 
disclosed in patent document 1 is not a realistic bilirubin 
reducing method. 

In vieW of the above, currently, a blood plasma exchange 
method Which reduces the bilirubin concentration by 
exchanging plasma in blood or a bilirubin absorption method 
Which reduces the bilirubin concentration by absorbing and 
removing bilirubin using a bilirubin absorption column has 
been put into practice. Further, as another method, there has 
been also proposed a method Which performs the conversion 
of fat-soluble bilirubin into Water-soluble bilirubin by circu 
lating blood such that a portion of blood is extracted from a 
patient suffering from liver dysfunction, green light is directly 
radiated to the blood and, thereafter, the blood is made to 
return to the inside of a living body (see patent document 2, 
for example). 
Patent document 1: JP-A-09-03822l 
Patent document 2: JP-A-2004-358243 

SUMMARY OF THE INVENTION 

HoWever, in the case of the blood exchange method, it is 
necessary to perform the blood transfusion of plasma from 
other people and hence, there exists a risk of infection due to 
the blood transfusion. On the other hand, in the case of the 
bilirubin absorption method, there exists a risk that a coagu 
lating system or an immune system in the blood is activated 
thus giving rise to the coagulation of blood or an in?amma 
tory reaction. 
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2 
Further, in the blood circulation bilirubin denaturating 

method, there exists a draWback that large physical, temporal 
and economical burdens are imposed on a patient suffering 
from liver dysfunction Who takes the cure. 

In this manner, in reducing bilirubin, there has been a 
demand for a curing method Which can reduce the risk such as 
infection or blood coagulation as much as possible and, at the 
same time, can reduce physical, temporal and economical 
burdens imposed on the patient suffering from liver dysfunc 
tion. 

Inventors of the present invention have focused their atten 
tion on a fact that, in many cases, many patients suffering 
from liver dysfunction Whose conversion ef?ciency of biliru 
bin is loWered also suffer from kidney dysfunction and 
require arti?cial dialysis. Based on such a ?nding, the inven 
tors of the present invention have arrived at the possibility of 
largely reducing burdens imposed on the patient suffering 
form liver dysfunction While reducing a risk by performing 
the denaturation of bilirubin along With arti?cial dialysis. 

According to a bilirubin denaturating apparatus of the 
present invention, the bilirubin denaturating apparatus Which 
converts fat-soluble bilirubin in blood into Water-soluble 
bilirubin by radiating green light to the blood includes a 
plurality of holloW ?bers Which alloWs the blood to How 
therethrough, a plurality of light transmitting ?ber bodies or 
light transmitting planar bodies Which is arranged along the 
holloW ?bers and radiate green light to the holloW ?bers, and 
a cylindrical frame Which alloWs the insertion of the holloW 
?bers and the light transmitting ?ber bodies or the light trans 
mitting planar bodies therein and mounts a ?rst end frame and 
a second end frame on ends thereof, Wherein the bilirubin 
denaturating apparatus radiates the green light to the hollow 
?bers from the light transmitting ?ber bodies or the light 
transmitting planar bodies While supplying an infusion used 
for dialysis of the liquid into the cylindrical frame thus dis 
solving the Water-soluble bilirubin into the infusion While 
dialyZing the blood. 

Further, the bilirubin denaturating apparatus of the present 
invention is also characterized in that the cylindrical frame 
includes an infusion inlet to Which an infusion feed pipe for 
supplying the infusion into the inside of the cylindrical frame 
is connected, and an infusion outlet to Which an infusion 
discharge pipe for discharging the infusion in the inside of the 
cylindrical frame is connected, and a light guide pipe Which 
connects the infusion inlet or the infusion outlet to the light 
transmitting ?ber body or the light transmitting planar body is 
inserted into the inside of the cylindrical frame. 

According to the bilirubin dialyZer of the present invention, 
the bilirubin dialyZer includes the bilirubin denaturating 
apparatus described hereinabove, an infusion supply portion 
for supplying an infusion to the bilirubin denaturating appa 
ratus, and a light source of green light for radiating green light 
from the light transmitting ?ber body or a light transmitting 
planar body of the bilirubin denaturating apparatus. 

According to the present invention, the plurality of holloW 
?bers Which alloWs the blood to How therethrough and the 
plurality of light transmitting ?ber bodies or light transmit 
ting planar bodies Which is arranged along the holloW ?bers 
and radiate green light to the holloW ?bers are inserted into 
the cylindrical frame, and the dialysis of the blood is per 
formed With the infusion fed to the cylindrical frame While 
radiating the green light to the holloW ?bers from the light 
transmitting ?ber bodies or the light transmitting planar bod 
ies and hence, the green light can be radiated to the blood 
While increasing a surface area of the blood by the holloW 
?bers Whereby the conversion ef?ciency of the fat-soluble 
bilirubin into the Water-soluble bilirubin can be extremely 
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enhanced and, at the same time, the fat-soluble bilirubin can 
be converted into the Water-soluble bilirubin together With an 
arti?cial dialysis. 

Further, by inserting the light guide pipe Which is con 
nected With the light transmitting ?ber bodies or the light 
transmitting planar bodies and guides the green light into the 
inside of the cylindrical frame from the infusion inlet or the 
infusion outlet formed in the cylindrical frame, it is possible 
to prevent the occurrence of a drawback such as the coagula 
tion of the blood. 

Further, the bilirubin dialyZer of the present invention 
includes the bilirubin denaturating apparatus described here 
inabove, the infusion supply portion for supplying the infu 
sion to the bilirubin denaturating apparatus, and the light 
source of green light for radiating the green light from the 
light transmitting ?ber body or the light transmitting planar 
body of the bilirubin denaturating apparatus and hence, tWo 
cures consisting of the arti?cial dialysis and the bilirubin 
dialysis can be performed simultaneously Whereby physical 
burden imposed on the patient suffering from dysfunction can 
be largely reduced. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic vieW of a bilirubin dialyZer provided 
With a bilirubin denaturating apparatus according to an 
embodiment of the present invention; 

FIG. 2 is an explanatory vieW of a general-use dialyZing 
column; 

FIG. 3 is a schematic vieW of a bilirubin denaturating 
apparatus according to an example 1; 

FIG. 4 is a schematic vieW of a bilirubin denaturating 
apparatus according to an example 2; 

FIG. 5 is a schematic vieW of a bilirubin denaturating 
apparatus according to an example 3; 

FIG. 6 is a schematic vieW of a bilirubin denaturating 
apparatus according to an example 4; 

FIG. 7 is a schematic vieW of a bilirubin denaturating 
apparatus according to an example 5; and 

FIG. 8 is a schematic vieW of a bilirubin denaturating 
apparatus according to an example 6. 

DETAILED DESCRIPTION OF THE INVENTION 

A bilirubin denaturating apparatus and a bilirubin dialyZer 
of the present invention are con?gured such that light for 
converting fat-soluble bilirubin into Water-soluble bilirubin is 
radiated to a dialyZing column used for arti?cial dialysis from 
a radiation means Which radiates such a light thus converting 
fat-soluble bilirubin in blood Which ?oWs in the inside of 
holloW ?bers incorporated in the dialyZing column into 
Water-soluble bilirubin. 
By radiating light to the holloW ?bers in this manner, it is 

possible to substantially directly radiate light to the blood 
and, at the same time, a surface area of the blood is increased 
due to the holloW ?bers and hence, the radiation e?iciency 
can be enhanced Whereby fat-soluble bilirubin can be e?i 
ciently converted into Water-soluble bilirubin. 

It is su?icient that the radiated light is light of blue, bluish 
green or green having a Wavelength ranging from 400 to 550 
nm, and the radiated light may preferably be green light 
having a Wavelength ranging from 450 nm to 530 nm or light 
having a Wavelength around such a Wavelength range. In this 
speci?cation, for facilitating the explanation of the present 
invention, light having the Wavelength ranging from 400 to 
550 nm is referred to as green light. A light source of green 
light may be formed by covering a light source such as a 
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4 
?uorescent lamp With a green color ?lm or may be formed of 
a xenon lamp or a laser beam source. 

By converting fat-soluble bilirubin into Water-soluble 
bilirubin With the radiation of green light to the dialyZing 
column used for arti?cial dialysis, the bilirubin dialysis can 
be performed together With the arti?cial dialysis performed as 
a cure for a patient suffering from kidney dysfunction and 
hence, it is possible to largely reduce physical, temporal and 
economical burdens imposed on a patient suffering from liver 
dysfunction Who also suffers from kidney dysfunction. 

Particularly, the bilirubin dialyZer Which uses the bilirubin 
denaturating apparatus can treat a relatively large quantity of 
blood ranging from 100 to 200 ml per minute, for example, 
thus enhancing the treatment ef?ciency. 

Further, the bilirubin dialyZer using the bilirubin denatur 
ating apparatus can decrease a risk to a level of ri sk in arti?cial 
dialysis loWer than a risk of infection in a conventional 
plasma exchange or a risk of blood coagulation in bilirubin 
absorption thus enabling the safe use of the bilirubin dialyZer 
by a person suffering from liver dysfunction. 

FIG. 1 is a schematic vieW of a bilirubin dialyZer B pro 
vided With a bilirubin denaturating apparatus A. 
The bilirubin denaturating apparatus A includes a dialyZ 

ing column C Which performs dialysis of blood using holloW 
?bers incorporated therein, and a light source device L Which 
radiates green light to the holloW ?bers of the dialyZing col 
umn C. 

The bilirubin dialyZer B includes a blood feed pipe 91 
Which supplies blood sampled from a human body to the 
dialyZing column C by interposing a blood feed pump P1 in a 
middle portion thereof, a blood return pipe 92 Which returns 
the blood treated by the dialyZing column C into the human 
body, an infusion feed pipe 94 Which feeds an infusion used 
for performing dialysis by the dialyZing column C to the 
dialyZing column C from an infusion tank 93, and an infusion 
discharge pipe 95 Which discharges the infusion after the 
infusion passes the dialyZing column C. An infusion feed 
pump P2 is interposed on a middle portion of the infusion feed 
pipe 94, and the infusion is fed to the dialyZing column C from 
the infusion tank 93 by the infusion feed pump P2. 

To the blood feed pipe 91, the blood return pipe 92, the 
infusion feed pipe 94 and the infusion discharge pipe 95, a 
feed controller and a feed quantity detector and the like not 
shoWn in the draWing are respectively mounted When neces 
sary so as to alloW a control part not shoWn in the draWing to 
perform a proper dialysis. 

In FIG. 1, numeral 96 indicates a light guide pipe made of 
an optical ?ber for guiding green light radiated from the light 
source L to a light transmitting body mounted on the dialyZ 
ing column C as described later. 
The dialyZing column C is, as shoWn in FIG. 2, constituted 

by inserting a large number of holloW ?bers 83 in the inside of 
a longitudinally elongated cylindrical frame 80, the cylindri 
cal frame 80 forms a ?rst end frame 81 to Which one ends of 
the holloW ?bers 83 are connected on one end thereof and a 
second end frame 82 to Which other ends of the holloW ?bers 
83 are connected on the other end thereof, and the holloW 
?bers 83 extend betWeen the ?rst end frame 81 and the second 
end frame 82. 

Further, the dialyZing column C can smoothly feed the 
blood fed to the ?rst end frame 81 from the blood feed pipe 91 
to the inside of the respective holloW ?bers 83, and also can 
smoothly feed the blood fed to the second end frame 82 from 
the holloW ?bers 83 to the blood return pipe 92 connected to 
the second end frame 82. 
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The inside of the cylindrical frame 80 is ?lled With the 
infusion fed from the infusion feed pipe 94 and the hollow 
?bers 83 are immersed into the infusion so as to perform the 
dialysis of the blood. 

That is, an infusion inlet 84 Which projects from a periph 
eral surface of the cylindrical frame 80 is formed in one end of 
the cylindrical frame 80, and an infusion outlet 85 Which 
projects from the peripheral surface is formed in the other end 
of the cylindrical frame 80. An infusion feed pipe 94 is com 
municably connected With the infusion inlet 84 by Way of a 
?rst connecting jig 86, and an infusion discharge pipe 95 is 
communicably connected With the infusion outlet 85 by Way 
of a second connecting jig 87 Whereby the infusion fed by the 
infusion feed pump P2 is fed to the inside of the cylindrical 
frame 80 from the infusion inlet 84 and the infusion is dis 
charged to the outside of the cylindrical frame 80 from the 
infusion outlet 85. 

In this manner, the bilirubin dialyZer B is basically equal to 
a conventional arti?cial dialyZer and only differs from the 
conventional arti?cial dialyZer With respect to a point that the 
bilirubin dialyZer B includes radiation means for radiating 
green light to the dialyZing column C as described later. 

Hereinafter, the constitution of the bilirubin denaturating 
apparatus A Which constitutes an essential part of the present 
invention is explained With respect to respective examples. 
Here, in the explanation made hereinafter, the holloW ?bers 
83 are omitted from draWings unless otherWise necessary. 
Example 1 

FIG. 3 is a schematic vieW of a bilirubin denaturating 
apparatus A1 of an example 1, Wherein the bilirubin denatur 
ating apparatus A1 includes the above-mentioned dialyZing 
column C and a light radiating portion D1 Which constitutes 
a radiation means for radiating green light to the holloW ?bers 
83 of the dialyZing column C. 

The light radiating portion D1 includes a laser light source 
L1 for radiating light having a predetermined Wavelength, 
light transmitting ?ber bodies 11 Which are formed of a ?ne 
line-shaped light guide plate radiating light radiated from the 
laser light source L1 to the holloW ?bers 83, and light guide 
pipes 96 Which are formed of optical ?bers guiding light to the 
light transmitting ?ber bodies 11 from the laser light source 
L1. 

The light transmitting ?ber bodies 11 can scatter the light 
guided by the light guide pipe 96 and can radiate the light in 
the direction orthogonal to the longitudinal direction of the 
light transmitting ?ber bodies 11. By arranging the light 
transmitting ?ber bodies 11 along the holloW ?bers 83, green 
light is radiated to the holloW ?bers 83. 

According to the bilirubin denaturating apparatus A1 of 
this example, a plurality of light transmitting ?ber bodies 11 
is arranged in the inside of the dialyZing column C at a 
predetermined interval, and the light guide pipe 96 are con 
nected to the respective light transmitting ?ber bodies 11. 

Further, in the bilirubin denaturating apparatus A1 of this 
example, the light transmitting ?ber body 11 has a diameter 
approximately equal to a diameter of the holloW ?ber 83. 
HoWever, the diameter of the light transmitting ?ber body 11 
may be set larger than the diameter of the holloW ?ber 83 or 
may be set to a suitable value in vieW of the relationship With 
the number of arrangement of light transmitting ?ber bodies 
11. 

Further, in the bilirubin denaturating apparatus A1 of this 
example, the respective light guide pipes 96 Which are con 
nected With the respective light transmitting ?ber bodies 11 
are inserted into the inside of the dialyZing column C from the 
?rst connecting jig 86 connected to the infusion inlet 84 or the 
second connecting jig 87 connected to the infusion outlet 85 
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6 
and hence, the direct contact of the light transmitting ?ber 
body 11 and the light guide pipes 96 With blood can be 
prevented thus preventing the occurrence of a drawback such 
as the coagulation of blood. 

Particularly, in the bilirubin denaturating apparatus A1 of 
this example, the light guide pipes 96 Which are connected to 
the respective light transmitting ?ber bodies 11 are inserted 
through the infusion inlet 84 and the infusion outlet 85 of the 
dialyZing column C. HoWever, depending on the number of 
arrangement of the light transmitting ?ber bodies 1 1, the light 
guide pipes 96 may be inserted into the inside of the dialyZing 
column C only through either one of the infusion inlet 84 and 
the infusion outlet 85. 
As in the case of this example, by arranging the light 

transmitting ?ber bodies 11 Which radiate green light in the 
inside of the dialyZing column C along the holloW ?bers 83, it 
is possible to radiate green light also to the holloW ?bers 83 
positioned at a center portion of the dialyZing column C thus 
enhancing the radiation ef?ciency. 

Particularly, When the plurality of holloW ?bers 83 is 
arranged around the light transmitting ?ber bodies 11 such 
that the light transmitting ?ber bodies 11 are surround by the 
holloW ?bers 83, the Whole green light radiated from the light 
transmitting ?ber bodies 11 are absorbed in the blood and 
hence, the radiation ef?ciency can be further enhanced. 

In the dialyZing column C of this example, the holloW 
?bers 83 and the light transmitting ?ber bodies 11 are 
mounted on the dialyZing column C separately from each 
other. HoWever, the light transmitting ?ber bodies and the 
holloW ?bers may be integrally formed by joining the light 
transmitting ?ber bodies to the holloW ?bers along With the 
formation of the holloW ?bers or a portion of the holloW ?ber 
may be formed of the light transmitting ?ber body, or a 
portion of a periphery of the holloW ?ber maybe covered With 
a light guiding plate material Which constitutes the light trans 
mitting ?ber body. 

EXAMPLE 2 

FIG. 4 is a schematic vieW of a bilirubin denaturating 
apparatus A2 of an example 2, Wherein the bilirubin denatur 
ating apparatus A2 includes the above-mentioned dialyZing 
column C, and a light radiating portion D2 Which constitutes 
a radiation means for radiating green light to the holloW ?bers 
83 of the dialyZing column C. 
The light radiating portion D2 includes an LED light 

source L2 Which incorporates an LED (Light Emitting Diode) 
emitting green light, and a light transmitting planar body 21 
formed of a planar light guide plate Which radiates the light 
radiated from the LED light source L2 toWard the holloW 
?bers 83. In FIG. 4, numeral 22 indicates an electricity supply 
line Which supplies electricity to the LED light source L2. 
The light transmitting planar body 21 can scatter the green 

light radiated from the LED light source L2 and can radiate 
the light in the direction orthogonal to the longitudinal direc 
tion of the light transmitting planar body 21. The light trans 
mitting planar body 21 is arranged along the holloW ?bers 83 
so as to radiate green light to the holloW ?bers 83. That is, the 
light radiating portion D2 forms a so-called backlight. 

In the bilirubin denaturating apparatus A2 of this example, 
the light transmitting planar body 21 is constituted of a single 
light guide plate. HoWever, When necessary, a re?ective ?lm 
may be mounted on the light transmitting planar body 21 so as 
to enhance the radiation ef?ciency. 

Further, in the bilirubin denaturating apparatus A2 of this 
example, although the LED light source L2 is connected to 
both ends of the light transmitting planar body 21 respec 
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tively, the LED light source L2 may be connected to only one 
end of the light transmitting planar body 21. 

Further, in the bilirubin denaturating apparatus A2 of this 
example, the light transmitting planar body 21 has a planar 
shape having a large area. However, slits for alloWing the 
infusion to ?oW therethrough may be formed in the light 
transmitting planar body 21 at a predetermined interval or 
planar plates having a ?ne Width may be arranged on a plane 
in a spaced-apart manner at a predetermined interval. 

Besides a case in Which only one light transmitting planar 
body 21 is arranged in the inside of the dialyZing column C, a 
plurality of light transmitting planar bodies 21 may be 
arranged at a predetermined interval and, at the same time, the 
holloW ?bers 83 may be arranged betWeen the respective light 
transmitting planar bodies 21. In this case, the radiation e?i 
ciency of green light can be enhanced. 

The electricity supply line 22 connected to the LED light 
source L2 is introduced into the inside of the dialyZing col 
umn C from the ?rst connecting jig 86 connected to the 
infusion inlet 84 and the second connecting jig 87 connected 
to the infusion outlet 85 and hence, the direct contact of the 
LED light source L2 and the light transmitting planar body 21 
With blood can be prevented thus preventing the occurrence of 
the draWback such as the coagulation of blood. 

In this manner, by arranging the light transmitting planar 
body 21 of the light radiating portion D2 in the inside of the 
dialyZing column C along the holloW ?bers 83, the light 
transmitting body can be extremely easily arranged in the 
inside of the dialyZing column C thus suppressing the 
increase of a cost of the dialyZing column C. 

EXAMPLE 3 

FIG. 5 is a schematic vieW of a bilirubin denaturating 
apparatus A3 of an example 3, Wherein the bilirubin denatur 
ating apparatus A3 includes the above-mentioned dialyZing 
column C, and a light radiating portion D3 Which constitutes 
a radiation means for radiating green light to the holloW ?bers 
83 of the dialyZing column C. 

The light radiating portion D3 includes an organic EL light 
source L3 formed of a planar organic EL. In FIG. 5, numeral 
32 indicates an electricity supply line Which supplies elec 
tricity to the organic EL light source L3. That is, in the 
bilirubin denaturating apparatus A3 of this example, in place 
of the light transmitting planar body 21 and the LED light 
source L2 in the inside of the dialyZing column C of the 
bilirubin denaturating apparatus A2 of the example 2, the 
organic EL light source 13 is provided, and the organic EL 
light source L3 is arranged along the holloW ?bers 83. 
As the organic EL light source L3, an organic EL light 

source Which emits green light is used. Although the organic 
EL light source L3 may increase an area thereof as large as 
possible to enhance the conversion e?iciency of bilirubin, 
When necessary, slits may be formed in the organic EL light 
source L3 at predetermined positions thus preventing the 
interruption of ?uidity of infusion. 

The electricity supply line 32 connected to the organic EL 
light source L3 is introduced into the inside of the dialyZing 
column C from the ?rst connecting jig 86 connected to the 
infusion inlet 84 and hence, the direct contact of the organic 
EL light source L3 With blood can be prevented thus prevent 
ing the occurrence of the draWback such as the coagulation of 
blood. 

Besides a case in Which only one organic EL light source 
L3 is arranged in the inside of the dialyZing column C, a 
plurality of organic EL light sources L3 may be arranged at a 
predetermined interval and, at the same time, the holloW 
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8 
?bers 83 maybe arranged betWeen the respective organic EL 
light sources L3. In this case, the radiation e?iciency of green 
light can be enhanced. 

In this manner, by arranging the organic EL light source L3 
of the light radiating portion D3 in the inside of the dialyZing 
column C substantially parallel to the holloW ?bers 83, the 
light source can be extremely easily arranged in the inside of 
the dialyZing column C thus suppressing the increase of a cost 
of the dialyZing column C. 

EXAMPLE 4 

FIG. 6 is a schematic vieW of a bilirubin denaturating 
apparatus A4 of an example 4, Wherein the bilirubin denatur 
ating apparatus A4 includes the above-mentioned dialyZing 
column C, and a light radiating portion D4 Which constitutes 
a radiation means for radiating green light to the holloW ?bers 
83 of the dialyZing column C. 
The light radiating portion D4 is constituted of a laser light 

source L4 Which radiates light having a predetermined Wave 
length, a tilting radiation adjusting body 41 Which adjusts the 
radiating direction of light radiated from the laser light source 
L4, and a tilting manipulating portion 42 Which performs a 
tilting manipulation of the tilting radiation adjusting body 41. 
The tilting radiation adjusting body 41 is constituted of a 

mirror Which re?ects the light incident from the laser light 
source L4 in the predetermined radiating direction. 
The tilting manipulation portion 42 is constituted of a drive 

motor 4211, a rod-shaped helical body 42b Which is interlock 
ingly connected With an output shaft of the drive motor 42a, 
and a support body 420 Which is threadedly engaged With the 
helical body 42b. 
The tilting radiation adjusting body 41 is mounted on the 

support body 420. By rotating the helical body 42b in the 
normal direction or in the reverse direction by the drive motor 
4211, the support body 420 is tilted in a reciprocating manner 
along the helical body 42b, and the tilting radiation adjusting 
body 41 is tilted in a reciprocating manner along the helical 
body 42b corresponding to the reciprocating tilting of the 
helical body 42b. 
The helical body 42b of this example is arranged along the 

holloW ?bers 83 of the dialyZing column C thus tilting a 
radiation range of the laser beams re?ected by the tilting 
radiation adjusting means 41 in the longitudinal direction of 
the holloW ?bers 83. 

In this manner, by radiating green light from the light 
radiating portion D4 arranged outside the dialyZing column 
C, it is possible to perform the radiation of green light at a 
relatively loW cost. 

Particularly With the use of the laser light source L4 of high 
output as a light source, green light having a Wavelength most 
effective in the conversion of fat-soluble bilirubin into Water 
soluble bilirubin can be radiated toWard the holloW ?bers 83. 
By performing the reciprocating tilting of the tilting radia 

tion adjusting body 41 in the light radiating portion D4, even 
When the laser beams of relatively high output are radiated to 
the holloW ?bers 83, it is possible to eliminate a possibility of 
damaging the holloW ?bers 83. Here, this example is not 
limited to a case in Which the light radiating portion D4 uses 
only one laser light source L4, and a plurality of laser light 
sources L4 may be arranged in the light radiating portion D4. 
Example 5 

FIG. 7 is a schematic vieW of a bilirubin denaturating 
apparatus AS of an example 5, Wherein the bilirubin denatur 
ating apparatus AS includes the above-mentioned dialyZing 
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column C, and a light radiating portion D5 Which constitutes 
a radiation means for radiating green light to the holloW ?bers 
83 of the dialyZing column C. 

The light radiating portion D5 is constituted of a laser light 
source L5 Which radiates light having a predetermined Wave 
length, a rotary radiation adjusting body 51 Which adjusts the 
radiating direction of light radiated from the laser light source 
L5, and a rotary manipulating portion (not shoWn in the 
draWing) Which performs a rotary manipulation of the rotary 
radiation adjusting body 51. 

The rotary radiation adjusting body 51 is formed of a 
polygonal-column-shaped mirror body Which re?ects laser 
beams radiated from the laser light source L5 in the predeter 
mined radiating direction. In this example, the rotary radia 
tion adjusting body 51 is formed of a hexagonal-column 
shaped rotary radiation adjusting body 51 Which has a 
peripheral surface thereof constituted of six planar mirror 
surfaces. 

In the rotary manipulating portion, a rotary shaft 53 Which 
is arranged on a center axis of the hexagonal-column-shaped 
rotary radiation adjusting body 51 is rotatably driven at a 
predetermined angular speed thus rotating the rotary radia 
tion adjusting body 51. Due to such rotation of the rotary 
radiation adjusting body 51, a region radiated With the laser 
beam re?ected on the rotary radiation adjusting body 51 is 
scanned in the longitudinal direction of the holloW ?bers 83. 

In this manner, by radiating green light from the light 
radiating portion D5 arranged outside the dialyZing column 
C, it is possible to perform the radiation of green light at a 
relatively loW cost. 

Particularly, With the use of the laser light source L5 of high 
output as a light source, green light having a Wavelength most 
effective in the conversion of fat-soluble bilirubin into Water 
soluble bilirubin can be radiated toWard the holloW ?bers 83. 

In the light radiating portion D5, the radiated area is 
scanned in the longitudinal direction of the folloW ?bers by 
rotating the rotary radiation adjusting body 51 and hence, 
even When the laser beams of relatively high output are radi 
ated to the holloW ?bers 83, it is possible to eliminate a 
possibility of damaging the holloW ?bers 83. Here, this 
example is not limited to a case in Which the light radiating 
portion D5 arranges only one laser light source L5, and a 
plurality of laser light sources L5 may be arranged in the light 
radiating portion D5. Example 6 

FIG. 8 is a schematic vieW of a bilirubin denaturating 
apparatus A6 of an example 6, Wherein the bilirubin denatur 
ating apparatus A6 includes the above-mentioned dialyZing 
column C, and a light radiating portion D6 Which constitutes 
a radiation means for radiating green light to the holloW ?bers 
83 of the dialyZing column C. 

The light radiating portion D6 is constituted of a laser light 
source L6 Which radiates light having a predetermined Wave 
length, and a diffusion lens 61 Which diffuses light radiated 
from the laser light source L6 and radiates the diffused light 
toWard the holloW ?bers 83. This diffusion lens 61 forms the 
radiation adjusting body Which adjusts the radiating direction 
of the light. 

Further, in the bilirubin denaturating apparatus A6 of this 
example, the dialyZing column C is rotatably driven at a 
predetermined angular velocity. By rotating the dialyZing 
column C relative to the diffusion lens 61 Which forms the 
radiation adjusting body, green light is radiated to the Whole 
surface of the dialyZing column C. 
As a case opposite to the above-mentioned case, the light 

radiating portion D6 may be con?gured to be rotated in the 
circumferential direction of the dialyZing column C. By 
alloWing the diffusion lens 61 Which forms the radiation 
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10 
adjusting body to relatively rotate along a peripheral surface 
of the dialyZing column C, it is possible to radiate green light 
having a Wavelength most effective in the conversion of fat 
soluble bilirubin into Water-soluble bilirubin toWard every 
corner of the holloW ?bers 83. 

In this case, it is desirable to arrange the holloW ?bers 83 in 
the dialyZing column C such that the holloW ?bers 83 are 
arranged in a cylindrical shape along an inner peripheral 
surface of the cylindrical frame 80 of the dialyZing column C, 
and the holloW ?bers 83 are not arranged in a center portion of 
the dialyZing column C at Which the green light does not 
arrive. 
The bilirubin denaturating apparatus is formed by provid 

ing the radiation means Which radiates green light to the 
dialyZing column used for dialysis. By converting fat-soluble 
bilirubin in blood into Water-soluble bilirubin along With 
dialysis, it is possible to enhance the conversion e?iciency of 
bilirubin and, at the same time, no large physical burden is 
imposed on a patient suffering from liver dysfunction Who 
requires the removal treatment of bilirubin in blood thus 
providing a cure method Which can perform the dialysis of 
fat-soluble bilirubin together With the arti?cial dialysis. 
The invention claimed: 
1. A bilirubin denaturating apparatus that converts fat 

soluble bilirubin inblood into Water-soluble bilirubin by radi 
ating green light to the blood, the bilirubin denaturating appa 
ratus comprising: 

a cylindrical frame of a dialyZing column Which includes a 
?rst end frame to Which a blood feed pipe is connected 
and a second end frame to Which a blood return pipe is 
connected, the cylindrical frame including an infusion 
inlet for denaturating Which projects from a peripheral 
surface of the cylindrical frame at a ?rst frame position 
and an infusion outlet for denaturating Which projects 
from the peripheral surface of the cylindrical frame at a 
second frame position disposed aWay from the ?rst 
frame position; 

a plurality of holloW ?bers Which are disposed inside of the 
cylindrical frame, the holloW ?bers alloWing the blood to 
How therethrough, the holloW ?bers having respective 
ends thereof communicating With the blood feed pipe 
and the blood return pipe by Way of the ?rst and second 
ends of the cylindrical frame; 

a plurality of light transmitting ?ber bodies Which are 
disposed inside of the cylindrical frame and being 
arranged along the holloW ?bers, the light transmitting 
?ber bodies capable of radiating green light to the hol 
loW ?bers, each light transmitting ?ber body being sur 
rounded by the plurality of holloW ?bers; 

a light source generating the green light; and 
light guide pipes inserted inside the cylindrical frame, the 

light guide pipes being inserted inside the cylindrical 
frame through both the infusion inlet and the infusion 
outlet, the light guide pipes having one end thereof con 
nected to the light source and another end thereof con 
nected to the light transmitting ?ber bodies respectively, 
Whereby 

the bilirubin denaturating apparatus is capable of radiating 
the green light to the holloW ?bers from the light trans 
mitting ?ber bodies While supplying an infusion used for 
dialysis of the blood into the cylindrical frame, thus 
dissolving the Water-soluble bilirubin into the infusion 
While dialyZing the blood. 

2. A bilirubin denaturating apparatus that converts fat 
soluble bilirubin inblood into Water-soluble bilirubin by radi 
ating green light to the blood, the bilirubin denaturating appa 
ratus comprising: 
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a cylindrical frame of a dialyZing column Which includes a 
?rst end frame to Which a blood feed pipe is connected 
and a second end frame to Which a blood return pipe is 
connected, the cylindrical frame including an infusion 
inlet for denaturating Which projects from a peripheral 
surface of the cylindrical frame at a ?rst frame position 
and an infusion outlet for denaturating Which projects 
from the peripheral surface of the cylindrical frame at a 
second frame position disposed aWay from the ?rst 
frame position: 

a plurality of holloW ?bers disposed inside of the cylindri 
cal frame, the holloW ?bers allowing the blood to How 
therethrough, the holloW ?bers having respective ends 
thereof communicating With the blood feed pipe and the 
blood return pipe by Way of the ?rst and second ends of 
the cylindrical frame; 

a plurality o ?ight transmitting ?ber bodies Which are dis 
posed inside of the cylindrical frame and being arranged 
along the holloW ?bers, each light transmitting ?ber 
body being integrally formed With each holloW ?ber, the 
light transmitting ?ber bodies capable of radiating green 
light to the holloW ?bers; 
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a light source for generating the green light; and 
light guide pipes inserted inside the cylindrical frame, the 

light guide pipes being inserted inside the cylindrical 
frame through both the infusion inlet and the infusion 
outlet, the light guide pipes having a ?rst end of the pipes 
connected to the light source and a second end of the 
pipes connected to the light transmitting ?ber bodies, 
Whereby 

the bilirubin denaturating apparatus is capable of radiating 
the green light to the holloW ?bers fro in the light trans 
mitting ?ber bodies While supplying an infusion used for 
dialysis of the blood into the cylindrical frame, thus 
dissolving the Water-soluble bilirubin into the infusion 
While dialyZing the blood. 

3. A bilirubin dialyZer comprising: 
the bilirubin denaturating apparatus of any one of claims 1 

or 2; and 
an infusion supply portion for supplying the infusion to the 

bilirubin denaturating apparatus. 


